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(54) Integrated circuit memory using fusible linlcs in a scan chain 

(57) An integrated circuit memory (140) includes 
programmable fuses (20) coupled to scannable flip- 
flops (25). The programmable fuses (20) and scannable 
flip-flops (25) are implemented in a scan chain, and are 
used to program specific information about the inte- 
grated circuit memory (1 40), such as for example, repair 
(redundancy) information, wafer lot number and wafer 
number, die position on the wafer, or any other informa- 
tion that wouki be useful during or after package testing. 
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Description 

Field of the Invention 

This Invention relates generally to memories, and 
more particularly, to an integrated circuit memory using 
fusible links in a scan chain. 

Background of the Invention 

As the memory storage capacity of integrated cir- 
cuit memories increases, the possibility of having man- 
ufacturing defects in the rows and columns increases. 
And this results in a decrease In production yields. One 
way to increase production yields in large integrated cir- 
cuit memories is to use column and row redundancy. In 
an integrated circuit memory with redundancy, a manu- 
facturing defect in a particular row can be cured by 
using a redundant row in place of the defective row. 
Likewise, a defect in a particular column can be cured 
by using a redundant column to replace the defective 
column. To Implement column and row redundancy, 
redundant control logic and redundant read/write data 
paths are also required. 

In order to repair a defective row or column, the 
defective row or column is deselected and a redundant 
row or column is assigned in its place by blowing fusible 
links. The fusible links may be blown using a high- 
energy laser, or may be blown electrically at wafer level 
test. The ability to repair a memory that has only a few 
defective rows or columns can result in substantially 
increased manufacturing yields. 

On integrated circuits that include a memory array 
with redundancy, it may be necessary to detect, after 
assembly of the integrated circuit, whether or not redun- 
dancy has been used to repair the memory anray. 
Among other things, repair information is important for 
analyzing test yield, debugging failure modes, and to 
analyze certain customer returns. However, determin- 
ing if redundancy has been used typically requires 
deprocessing the integrated circuit for a visual inspec- 
tion of the fuses used to implement the redundancy. 
Deprocessing is time consuming and destroys the inte- 
grated circuit memory. 

One other way to determine whether on not redun- 
dant elements have been used to repair a memory array 
has been to add an extra fuse in the layout that is blown 
to indicate when the memory array has been repaired. 
The fuse is coupled between an input pin and ground 
and causes a current surge, or spike, on power-up. 
Once a power-up dear, or power OK signal is received, 
the current spike ceases. However, the additional fuse 
only indicates that redundancy has been used, and 
does not provide any other details, such as for example, 
which addresses of the memory array had to be 
repaired. 



Brief Description of the Drawings 

FIG. 1 illustrates, in block diagram form, a scan 
chain in accordance with one embodiment of the 
5 present Invention. 

FIG. 2 illustrates, in partial schematic diagram form 
and partial logic diagram form, a fuse circuit of the 
scan chain of FIG. 1. 

FIG. 3 illustrates, in partial schematic diagram form 
10 and partial logic diagram form, a scannable flip-flop 

of the scan chain of FIG. 1 

FIG. 4 illustrates, in block diagram form, a scan 

chain in accordance with another embodiment of 

the present invention. 
75 FIG. 5 illustrates, In partial schematic diagram form 

and partial logic diagram form, a fuse circuit of the 

scan chain of FIG. 4. 

FIG. 6 illustrates, in block diagram form, a memory 
incorporating the scan chain of FIG. 4. 

20 

Description of a Preferred Embodiment 

Generally the present invention provides an inte- 
grated circuit having a memory array, with programma- 

25 ble fuses coupled to scannable flip-flops, or latch 
circuits. The programmable fuses and scannable flip- 
flops are used to program predetermined information 
about the integrated circuit, such as for example, repair 
(redundancy) information, wafer lot number and wafer 

30 number, die position on the wafer, or any other informa- 
tion that would be useful during or after package testing. 

Specifically, in one embodiment on an integrated 
circuit memory, scannable latches, or flip-flops, are cou- 
pled to the redundancy fuses normally blown with a 

35 laser at wafer probe to replace defective rows or col- 
umns with redundant rows or columns. The repaired 
addresses can. then be scanned out during package 
testing indicating exactly which row or column was 
repaired. In another embodiment, additional fuses are 

40 coupled to scannable latches that are blown at wafer 
probe. The additional fuses can be blown to encode any 
information about the integrated circuit memory, includ- 
ing redundancy, wafer lot information, die position on 
the wafer, wafer parametrics, etc. This information can 

45 then be used to analyze yield and failure modes. On 
integrated circuits having both logic circuits and a mem- 
ory array, the scannable flip-flops can be incorporated 
into the existing scan chain that Is used to test the logic 
circuits. For example, the existing scan chain may 

50 include boundary scan testing that is compliant with 
IEEE 1149.1, and revisions thereof, commonly known 
as JTAG (Joint Test Action Group). Also, the scannable 
flip-flops may be Incorporated as a stand-alone scan 
chain. 

55 The present invention can be more fully described 
with reference to FIQs. 1 - 6. FIG. 1 illustrates, in block 
diagram form, a scan chain 10 in accordance with one 
embodiment of the present invention. Scan chain 10 
includes a plurality of fuse circuits 20 and a plurality of 
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scannaWe flip-flops 25. The plurality of fuse circuits 20 
includes fuse circuits 21 - 24. Fuse circuit 21 is illus- 
trated rn FIG. 2 in more detail. The plurality of scannable 
flip-flops includes scannable flip-flops 26 - 29. Each of 
scannable flip-flops 25 includes a first Input terminal 5 
labeled "D". a test mode terminal labeled "TM" for 
receiving an externally generated test mode signal 
labeled "TEST MODE", a scan-in terminal labeled "SI", 
a scan-out terminal labeled "SO", a clock terminal for 
receiving a clock signal labeled "CLOCK**, and an out- 10 
put terminal labeled "Q". Scannable flip-flop 26 is illus- 
trated in more detail in FIG. 3. 

Fuse circuit 21 has an output terminal connected to 
the "D" terminal of scannable flip-flop 26. The scan-out 
terminal of scannable flip-flop 26 is connected to the is 
scan-in terminal of scannable flip-flop 27. The scan-in 
terminal of scannable flip-flop 26 receives externally 
generated shifted-in test data labeled "TDl". Fuse circuit 
22 has an output terminal connected to the "D" terminal 
of scannable flip-flop 27. The scan-out terminal of scan- 20 
nable flip-flop 27 is connected to the scan-in terminal of 
scannable flip-flop 28. Fuse circuit 23 has an output ter- 
minal connected to the "D" terminal of scannable flip- 
flop 28- The scan-out terminal of scannable flip-flop 28 
IS connected to the scan-in terminal of the next scanna- 
ble flip-flop in the plurality of scannable flip-flops 25. 
Fuse circuit 24 has an output terminal connected to the 
"D" terminal of scannable flip-flop 29. The scan-out ter- 
minal of scannable flip-flop 29 provides a test data out 
signal labeled "TDO" to an output terminal, or pin, of the so 
integrated circuit The scan-out terminal of a preceding 
scannable flip-flop in the plurality of scannable flip-flops 
25 is connected to the scan-in terminal of each suc- 
ceeding scannable flip-flop. The number of scannable 
flip-flops in the plurality of scannable flip-flops 25, and 35 
the corresponding number of fuses can be any number, 
as indicated by the ampersands, and depends on how 
many bits of data is to be stored by the fuse circuits. 

In operation, each of the plurality of fuse circuits 20 
will store one bit of Information. In response to test 4o 
mode signal TEST MODE being a logic high, fuse cir- 
cuits 21, 22, 23, and 24 provide a predetermined logic 
state representative of the state of a fusible link (illus- 
trated in FIG. 2) to the D input terminal of each corre- 
sponding scannable flip-flops 26 - 29. In response to 45 
clock signal CLOCK, the scannable flip-flops 26 • 29 will 
shift the bits of information through the series of scan- 
nable flip-flops and that information, labeled TDO. is 
scanned out through the last scannable flip-flop 29 at 
scan out terminal SO. so 

If the scan chain 1 0 is included on a memory having 
scan ports or JTAG (joint test action group), the JTAG 
boundary scan chain can be used to scan out the fuse 
information included in the plurality of fuse circuits 20 to 
indicate any desired type of information that has been 55 
programmed into the fuses. This information may 
include, for example, whether redundancy is being used 
and the addresses of rows and/or columns that were 
repaired. In addition, other information, such as wafer 



lot, die position on a wafer, wafer parametrics. etc. can 
be stored in the fuses for use in analyzing yield and in 
performing failure mode analysis without destroying the 
integrated circuit memory. 

FIG. 2 illustrates, in partial schematic diagram form 
and partial logic diagram form, fuse circuit 21 of scan 
chain 10 of FIG. 1. Fuse circuit 21 includes fusible link 
89, N-channel transistors 91 aixl 93, and inverters 95 
and 97. In the illustrated embodiment, fusible link 89 is 
a laser severable polysilicon fuse. In other embodi- 
ments, fusible link 89 can be any type of conductive 
material. In general, when fusible link 89 is severed, or 
blown, fuse circuit 21 provides a \oq\c low output signal 
labeled '^D" to the "D" terminal of scannable flip-flop 26, 
and when fusible link 89 is not blown, fuse circuit 21 pro- 
vides a logic high output signal D to the "D" terminal of 
scannable flip-flop 26. Each of the other fuse circuits 
illustrated in FIG. 1 are similar to fuse circuit 21 . In other 
embodiment, fuse circuit 21 may include electrically 
blown fuses. 

Fusible link 89 has a first terminal connected to a 
power supply voltage terminal labeled "Vqq", and a sec- 
orxJ terminal, N-channel transistor 91 has a first current 
electrode (drain) connected to the second terminal of 
fusible l ink 89, a conUul electroJe (gate) connec t ed t o 
Vqd. and a second current electrode (source) con- 
nected to a second power supply voltage terminal 
labeled "Vss"- N-channel transistor 93 has a drain con* 
nected to the drain of N-channel transistor 91 , a gate, 
and a source connected to Vgs- Inverter 95 has an input 
terminal connected to the drains of N-channel transis- 
tors 91 and 93, and an output terminal connected to the 
gate of N-channel transistor 93. Inverter 97 has an input 
terminal connected to the output terminal of inverter 95, 
and an output terminal for providing output signal D. 

In operation, when fusible link 89 is not severed 
(programmed logic high), Vqo is provided to the input 
terminal of inverter 95. causing inverter 95 to output a 
logic low. N-channel transistor 93 is substantially non- 
conductive, and inverter 97 provides a logic high output 
signal D. When fusible link 89 is laser blown, or severed 
(programmed logic low), N-channel transistor 91 
reduces the voltage at the input terminal of inverter 95 
to a logic low. N-channel transistor 91 is biased on, and 
functions as a relatively weak pull-down transistor. 
Inverter 95 provides a logic high output to the gate of N- 
channel transistor 93 and to the input terminal of 
inverter 97. N-channel transistor 93 is conductive, and 
ensures that the input terminal remains a logic low volt- 
age. Inverter 97 provides logic low output signal D. 

FIG. 3 illustrates, in partial schematic diagram form 
and partial logic diagram form, scannable flip-flop 26 of 
scan chain 10 of FIG. 1. Scannable flip-flop 26 includes 
flip-flop circuit 31 and timing generator 33. Flip-flop cir- 
cuit 31 includes NAND logic gates 35 and 73. inverters 
41. 43. 45, 47, 53. 57. 59, 75, and 77, and transmission 
gates 39. 49, 51. 55, and 61. Timing generator 33 
includes inverters 79, 81, 85. and 87. and NOR logic 
gate 83. 
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in flip-flop circurt 31 . NANO logic gate 35 has a first 
input terminal for receiving a clock signal labeled 
"ICLK*", a second input terminal for receiving test mode 
signal TM. and an output terminal Inverter 37 has an 
input terminal connected to the output terminal, and an 
output terminal. Inverter 41 has an input terminal for 
receiving scan-in signal SI, and an output terminal. 
(Note that an asterisk (*) after a signal name indicates 
that the signal is a logical complement of a signal having 
the same name but lacking the asterisk.) Inverter 43 has 
an input terminal connected to the output terminal of 
inverter 41, and an output terminal. Transmission gate 
39 has an input terminal connected to the output termi- 
nal of inverter 43, a first control terminal connected to 
the output terminal of inverter 37. a second control ter- 
minal connected to the output terminal of NAND logic 
gate 35. and an output terminal. Inverter 45 has an input 
terminal connected to the output terminal of transmis- 
sion gate 39, and an output terminal. Inverter 47 has an 
input terminal for receiving output signal D from fuse cir- 
cuit 21 . and an output terminal. Transmission gate 49 
has an input terminal connected to the output terminal 
of inverter 47. a first control terminal for receiving a 
clock signal labeled "GCLK"*, a second control terminal 
for receiving a clock signal labeled "GCLK*". and an out- 
put terminal. Transmission gate 51 has an output termi- 
nal connected to the output terminal of transmission 
gate 49 and to the input terminal of inverter 45. a first 
control terminal for receiving clock signal ICLK*. a sec- 
ond control terminal for receiving a clock signal labeled 
"ICLK". and an input terminal. Inverter 53 has an input 
terminal connected to tine output terminal of inverter 45. 
and an output terminal connected to the Input terminal 
of transmission gate 51 . 

Transmission gate 55 has an input terminal con- 
nected to the output terminal of inverter 45. a first con- 
trol terminal for receiving clock signal ICLK, a second 
control terminal fa receiving clock signal ICLK*, and an 
output terminal. Inverter 57 has an input terminal con- 
nected to the output temilnal of transmission gate 55, 
and an output terminal. Inverter 71 has an input terminal 
for receiving a test mode signal labeled "TM*", and an 
output terminal. NAND logic gate 73 has a first Input ter- 
minal connected to the output terminal of inverts 71 , a 
second input terminal connected to the output terminal 
of inverter 57. and an output terminal. Inverter 75 has 
an input terminal connected to the output terminal of 
NAND logic gate 73. Inverter 77 has an input terminal 
connected to he output terminal of inverter 57. and an 
output terminal for providing output signal Q. Inverter 59 
has an input terminal connected to the output terminal 
of inverter 57. and an output terminal. Transmission 
gate 61 has an input terminal connected to the output 
terminal of inverter 59. a first control terminal for receiv- 
ing clock signal ICLK. a second terminal for receiving 
clock signal ICLK*. and an output terminal connected to 
the input terminal of inverter 57. 

In timing generator 33. inverter 79 has an input ter- 
minal for receiving test mode signal TM. and an output 



terminal for providing test mode signal TM*. NOR logic 
gate 83 has a first Input terminal for receiving test mode 
signal TM. a second input terminal for receiving clock 
signal CLOCK, and an output terminal for providing 

5 dock signal GCLK*. Inverter 85 has an input terminal 
connected to the output terminal of NOR logic gate 83, 
and an output terminal for providing clock signal GCLK. 
Inverter 81 has an input terminal connected to the input 
terminal of NOR logic gate 83. and an output terminal 

10 for providing clock signal ICLK*. Inverter 87 has an input 
terminal connected to the output terminal of inverter 81 , 
and an output terminal for providing clock signal ICLK. 

In operation, scannable flip-flop 26 may be used as 
part of the normal scan chain, such as JTAG, and pro- 

75 vides the programmed information from the plurality of 
fuse circuits 20 as output scan data 

Timing generator 33 receives clock signal CLOCK 
and test mode signal TM. When test mode signal TM is 
a logic low, then clock signals GCLK and ICLK will have 

20 tile same logic state as clock signal CLOCK. When test 
mode signal TM is a logic high, clock signal ICLK will 
have the same logic state as clock signal CLOCK and 
clock signal GCLK is a logic high. As illustrated in FIG. 
3. timing generator 33 is used to control transmission 

25 gates 39, 49. 51 . 55. and 61 . 

When test mode signal TM is a logic high and clock 
signal ICLK is a logic low. scan In data SI is provided to 
cross-coupled inverters 45 and 53. Scan in data SI is 
received and buffered by inverters 41 and 43. Because 

30 clock signal ICLK* is a logic high, transmission gate 39 
is conductive and transmission gate 51 is substantially 
non-conductive, so scan in data SI is provided to the 
input terminal of inverter 45 and latched when clock sig- 
nal ICLK transitions to a logic high. Because clock sig- 

35 nal GCLK is a logic high, transmission gate 49 Is 
substantially non-conductive. Clock signal ICLK* 
becomes a logic low causing transmission gate 51 to be 
conductive. The logic value provided through scan in 
terminal SI is latched in cross-coupled inverters 45 and 

40 53. Transmission gate 55 is conductive allowing the 
scan in data to be provided to the input terminal of 
inverter 57. Transmission gate 61 is substantially non- 
conductive, allowing inverter 57 to change logic states If 
necessary The output of inverter 57 is provided to the 

45 second input terminal in NAND logic gate 73 and also to 
the first input terminal of inverter 59. Since test mode 
signal TM* is a logic low, NAND logic gate 73 acts as an 
inverter allowing the output terminal of NAND logic gate 
73 to toggle each time the logic state at the second input 

50 terminal of NAND logic gate 73 changes. The logic state 
of scan out data SO con-esponds to the logic state of the 
scan in data SI that was acquired one clock cycle ear- 
lier. When clock signal ICLK transitions to a logic low, 
the current logic state of the cross-coupled inverters 57 

55 and 59 is latched. 

When test mode signal TM is a logic low, transmis- 
sion gate 39 is substantially non-conductive, preventing 
scan in data SI from being provided to the cross-cou- 
pled latch having inverters 45 and 53. Clock signal 
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GCLK IS a (ogic fow and cfock signa( GCLK* Is a fogjc 
high. Transmission gate 49 is conductive and predeter- 
mined fuse information from fuse circuits 2 1 , 22. 23, and 
24. illustrated in FIG. 1. can then be provided to the 
cross-coupled latch (inverters 45 and 53). When dock 5 
signal ICLK becomes a logic high, clock signal ICLK* 
becomes a logic low. Transmission gate 51 becomes 
conductive, latching the fuse information provided at 
input terminal D at the same time' transmission gate 55 
is conductive, causing data corresponding to infbrma- w 
tion at input terminal D to be provided to the latch com- 
prising inverters 57 and 59. Transmission gate 61 is 
substantially non-conductrve and inverter^57 changes 
logic states, if necessary, to provide data corresponding 
to the input data at the input terminal of inverter 59. 75 
When test mode signal TM* is a logic high, NAND logic 
gate 73 will always provide a logic high regard!^ of the 
logic state stored in the cross-coupled latch having 
inverters 57 and 59. Scannable flip-flop 26 has an \ 
advantage of integrating a flip-flop with a shift register. 20 
thus allowing it to be implemented using less sur^ce , 
area of the integrated circuit than if the flip-flop and shift 
register were implemented separately. Note that in other 
embodiments, inverters 41 and 75 may be deleted from 
the circuit. 25 

FIG. 4 illustrates, in block diagram form, scan chain 
99 in accordance with another embodiment of the 
present invention. Scan chain 99 includes shift register 
100. decoder circuit 101. fuse circuit array 103, shift 
register 111. and multiplexer 113. 30 

Shift register 1 00 is a conventional seriahin. parallel 
out shift register. Shift register 100 has an input termi- 
nal for receiving a test data input signal labeled "TDI" 
and a plurality of output terminals. Decoder 101 has a 
plurality of input terminals connected to the plurality of 3S 
outpuX terminals of shift register 100 and a plurality of 
output terminals tor providing decoded address signals 
labeled "INQr - "INQN". Fuse circuit array 103 includes 
column fuses 105. row fuses 107, and I/O fuses 109 
which may be used to implement redundancy in, for 40 
example, a static random access memory (SRAM). In 
the illustrated embodiment, fuse circuit array 103 is dis- 
tributed around the periphery of an integrated circuit 
memory 140 (illustrated in FIG. 6). Fuse circuit array 
103 has a plurality of input terminals for receiving the 45 
decoded address signals INQl - INQN and a plurality of 
output terminals labeled "FUSE LINE 1" - "FUSE LINE 
N". and a second plurality of output terminals for provid- 
ing fuse information to conventional redundancy com- 
parison logic for implementing redundancy in the so 
memory FUSE LINE 1 - FUSE LINE N are provided to 
a shift register 111 having parallel inputs and a serial 
output and includes a second input terminal for receiv- 
ing test data input signal TDI. Note that shift register 1 1 1 
may be a conventional shift register or a shift register 55 
having elements similar to scannable flip-flop 26 (illus- 
trated in FIG. 3). 

A multiplexer 113 has a first input terminal for 
receiving a control signal labeled "CONTROL", a sec- 



ond ingut signal coupled to an output t&rm'ma\ of shift 
register 100. and an output terminal connected to a 
serial output terminal of shift register 111, and an output 
terminal for providing test data out TDO. In operation, 
test data input sfgnal TDI and test data out signa) TDO 
are signals commonly used with a conventional JTAG 
implementation in an integrated circuit. An address sig- 
nal is provided serially into shift register 100 to specify 
which row of fuse circurt array 103 is to provide stored 
information to shift register 111. Fuse circuit an-ay 103 
includes addressable fuse circuits that are provided for 
normally implementing redundancy in a memory. A fuse 
circuit of the fuse circuit array 103 is illustrated in more 
detail in FIG. 5. In response to receiving the address 
signal, a predetermined row corresponding to the 
address provides fuse information via the fuse lines to 
shift register 111 from a predetermined location of the 
fuse array 103. That information is then scanned, or 
shifted out of, shift register 111 via multiplexer 113 as 
--test data out TDO. Test data out TDO is further buffered 
and prdvicied to an external pin. and irycludes informa- 
tion regarding which columns or rows of an integrated 
circuit memory have been repaired and/or whether 
redundancy has been used in the integrated circuit 
memory. 

The control signal CONTROL is provided externally 
by a TAP controller (not shown) and determines 
whether the information shifted out of register 111 is 
provided as test data out TDO. Also included in scan 
chain 99. but not illustrated, are additional circuits 
required for a conventional implementation of JTAG 
such as a manufacturer ID register, a by-pass register, 
an instruction register, etc. In an integrated circuit mem- 
ory having boundary scan compliant with JTAG, addi- 
tional information regarding redundancy or any other 
encoded information can be scanned out with a. mini- 
mum of logic added to the integrated circuit memory. 
Also, additional fuses are not required since the fuses 
required to implement the redundancy are integrated 
into the JTAG boundary scan chain. 

FIG. 5 illustrates a partial schematic diagram form 
and partial logic diagram form, a fused circuit 115 of 
scan chain 99 of FIG. 4. Fuse circuit 1 15 includes a fuse 
circuit portion 116 and a tri-state driver 1 27. Fuse circuit 
portion 116 includes fusible link 1 17. N channel transis- 
tors 1 19 and 121 and inverters 123 and 125. Fusible link 
117 has a first terminal coupled to Vqq. and a second 
terminal. N-channel transistor 119 has a first current 
electrode coupled to the second terminal of fusible link 
117. A control electrode for receiving a bias voltage 
labeled "Ngiy^^s" and a second current electrode con- 
nected to Vss- N-channel transistor 121 has a first cur- 
rent electrode coupled to the second terminal of fusible 
link 1 1 7. a control electrode connected to the output ter- 
minal of inverter 123. and a second current electrode 
coupled to Vss* Inverter 123 has an input terminal con- 
nected to the second terminal fusible link 117 and an 
output terminal. Inverter 125 has an input terminal con- 
nected to the output terminal of 123 and an output ter- 



9 



EP0 805 451 A2 



10 



minal. P-channel resistor 129 has a first current 
electrode connected to Vdq, a control electrode con- 
nected to the output terminal of inverter 125 and a sec- 
ond current electrode. P-channel transistor 131 has a 
first current electrode connected to the second current 
electrode of P-channel transistor 129, a current elec- 
trode for receiving address signal INQI*. and a second 
cun-ent electrode for providing an output signal labeled 
"FUSE LINE 1". N-channel transistor 133 has a first cur- 
rent electrode connected to the second current elec- 
trode of P-channel transistor 131 , a control electrode for 
receiving address signal INQI, and a second current 
electrode. N-channel transistor 135 has a first cunrent 
electrode connected to the secorxi current electrode of 
N-channel transistor 133, a control electrode connected 
to the output terminal of inverter 125, and a second cur- 
rent electrode connected to Vss- y' 

In operation, fuse circuit portion 116 operates sub- 
stantially the same as the fuse circuit illustrated in FIG. 
2. Tri-state driver 127 receives fuse information from 
fuse circuit portion 116 which has been buffered by 
inverter 125. In response to receiving the decoded 
address signals INQI and INQI *. an outputr^ighal, 
labeled FUSE LINE 1, cbrresponding to the fuse infor- 
mation is provided to a corresponding input terminal of 
shift register 1 1 1 illustrated in FIG: 4. 

When the output of inverter 125 is a logic high. P- 
channel transistor 129 is substantially non-conductive 
and N-channel transistor 135 is conductive. If address 
signal INQI is a logic high. N-charinel transistor 133 is 
conductive causing FUSE LINE 1 to be reduced to a 
logic low. Conversely, if the output of inverter 125 is a 
logic low, N-channel transistor 135 is substantially non- 
conductive and P-channel transistor 129 is conductive. 
When address signal INQ1 is a logic high. P-channet 
transistor 131 is conductive, N-channel transistor 133 is 
conductive, allowing FUSE LINE 1 to be increased to a 
logic high equal to approximately Vqq. In the illustrated 
en*)odiment, Vqd is equal to about 3.3 volts and Vss is 
connected to ground. When address signal INQr is a 
logic high, P-channel transistorl 31 is substantially non- 
conductive. Address signal INQI is a logic low and N- 
channel transistor 133 is substantially non-conductive 
presenting a high impedance to FUSE LINE 1. 

FIG. 6 illustrates in block diagram form an inte- 
grated circuit memory 140 incorporating scan chain 99 
of FIG. 4. Integrated circuit memory 140 includes mem- 
ory arrays 143-146, column logic 148-151, row decod- 
ing 153-156, redundant columns 163-166, redundant 
rows 150-161 , and JTAG boundary scan test area 168. 
Integrated circuit memory 140 operates as a conven- 
tional SRAM with redundancy Each of memory arrays 
143-146 includes a plurality of memory cells organized 
in rows and columns. In response to receiving a row 
address and a column address, memory arrays 143- 
146 provide output data corresponding to the selected 
portions of memory arrays 1 43-1 46. In order to increase 
production yield, a plurality of redundant columns 
and/or redundant rows are provided to integrated circuit 



memory 140. The redundant rows and columns are 
used to replace defective rows or columns in their corre- 
sponding memory array The redundancy is imple- 
mented using fusible links such as column fuses 105^ 
5 row fuses 1 07, and I/O fuses 1 09 which are illustrated in 
FIG. 4. 

As illustrated in FIG. 6, fuse circuit array 103 is dis- 
tributed around the periphery of integrated circuit mem- 
ory 140. As illustrated in FIG. 4;-: shift register 111 
70 receives signals from each of theluses located in fuse 
circuit an-ay 103. Shift register 111 is also distributed 
around the periphery of integrated circuit memory 140 
to position cpn-espdnding portions of the shift register 
111 with each of column fuses 105, row fuses 107, or 
/5 I/O fuses 109. The,dther circuits illustrated in FIG. 4 are 
located in or near the JTAG area 168. 

By distributing shift register 111, and co-locating it 
with its con'esponding fuses, reduces the number of 
metal lines that are required to be routed across inta- 
ke grated circuit memory 140. 

^ t Fuse circuit array 103 is organized, as illustrated in 

a^^' FIG. 4, in N-rows by M-columns (N X M), where N and 
lyi are integers. By organizing the fuse circuits as an 
array and selectively decoding the fuses to provide out- 

2s put data in M columns, the number of shift registers 
required in shift register 111 is reduced to M. This 
decreases the area required to implement the shift reg- 
isters for scanning out the fuse information, thereby 
decreasing the size of the integrated circuit memory 

30 While the invention has been described in the con- 
text of a prefenred embodiment, it will be apparent to 
those skilled in the art that the present invention may be 
modified in numerous ways and may assume many 
embodiments other than that specifically set out and 

35 described above. For example, the illustrated embodi- 
ment may be incorporated with another scan mecha- 
nism other than JTAG, or may be used as a stand-alone 
scan chain. Accordingly it is intended by the appended 
claims to cover all modifications of the invention which 

40 fall within the true spirit and scope of the invention. 

Claims 

1 . An integrated circuit memory (140) implementing a 
45 scan test, comprising: 

a fuse circuit (21) for storing predetermined 
information concerning the integrated circuit 
memory (140); and 
so a latch circuit (26). coupled to the fuse circuit 

(20). for selectively providing the predeter- 
mined information when the integrated circuit 
memory (140) is in a test mode. 

55 2. The integrated circuit memory (1 40) of claim 1 . fur- 
ther conprising a plurality of fuse circuits (20) and a 
plurality of latch circuits (25), each fuse circuit (21- 
24) of the plurality of fuse circuits (20) coupled to a 
corresponding one of the plurality of latch circuits 
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(25). 

The integrated circuit memory (140) of claim 1. ^ 
wherein the latch circuit (26) comprises a flip-flop \ 
circuit having a first input terminal coupied to the s 
Juse circuit (21) for receiving the predetermined 
..information, a second input terminal for receiving a 
test data in signal, a third input t&rmmal for receiv- 
ing a test mode signal, a fourth input terminal for 
receiving a clock signal, and an output terminal for io 
providing a^scan out signal representative of one of 
the predetermined information or the test data in 
signal in response to the test mode signal. 8. 

The integrated circuit memory(l 40) of claim 1 . fur- is 
ther comprising: < 

a shift register (100) having an input terminal 
for receiving a shift ed-in test data in signal, a 
plurality of serially connected registers, and a 20 ^ 
plurality of output terminals for providing an ; 9. 
address signal; 

a decoder circuit (101) coupled to the shift reg- 
ister (100), for receiving the address signal. 
and in response, providing a decoded address 25 
signal; 

wherein the fuse circuit (21) is an addressable 
fuse circuit for providing the predetermined;] i ^ 1 
information in response to the decoded 
address signal; and so 
wherein the latch circuit (26) is for receiving in 
parallel the predetermined information, and 
serially shifting the predetermined information 
from the addressable fuse circuit, and for pro- 
viding the shifted predetermined information in 35 
response to the integrated circuit memory ! 
(140) being in the test mode. . 



The integrated circuit memory (140) of claim 4, 
wherein the addressable fuse circuit is an N X M bit 40 
fuse array (103), where N and M are integers, and 
the (atch circuit (26) receives M bits in parallel from 
a predetermined location of the addressable fuse 10. 
circuit depending on the decoded address signal . 

45 

The integrated circuit menriory (140) of claim 1, 
wherein the predetermined information is redun- 
dancy information. 

An integrated circuit memory (140) with redun- so 
dancy. comprising: 

a shift register (100) having an Input terminal 
for receiving an input signal, a plurality of seri- 
ally connected registers, and an output termi- 55 
nal for providing an address signal; 
a decoder circuit (101) coupled to the shift reg- 
ister (100). for receiving the address signal, 
and in response, providing a decoded address 
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signal; 

an addressable fuse circuit (103) for providing 
stored fuse information in response to the 
decoded address signal, the stored fuse infor- 
mation including predetermined information 
concerning the integrated circuit memory 
(140); and 

a (atch circuit (111). coiq3led to the addressable 
fuse circuit (103). for providing the. stored fuse 
information in response to the integrated circuit 
meliftory ( 1 40) b©ng in a test mode. 

Theintegrated circuit memory (140) of claim 7. fur- 
ther comprising a plurality of addressable fuse cir- 
cuits (103) and a plurality of serially connected latch 
circuits (100),. each latch circuit of the plurality of 
serially connected latch circuits (100) is selectively 
coupled to the plurality of addressable fuse circuits 
(103). , V ; 

An Integrated circuit memory (140) with redun- 
dancy, the integrated circuit memory (140) imple^ 
menting a boundary-scan test according to a Joint 
Test Action GToup (JTAG) boundary-scan standard, 
comprising: 

a plurality of memory cells (143) organized in 
? : I rows and columns; 

a redundant column df memory cells (163) for 
replacing a defective column of the plurality of 
memory cells (143);/ 

a fuse circuit (1 05) foV storing redundancy infor- 
mation, the redundancy information for 
addressing the redundant column of memory 
cells (163) when the redundant column of 
■ memory cells (163) replaces the defective col- 
umn of the plurality of memory cells (143); and 
a latch circuit (111), coupled to the fuse circuit 
(105), for selectively providing the redundancy 
infornriatjon when the integrated circuit memory 
(140) is in a test mode. * 



The integrated circuit memory (140) of claim 9. fur- 
ther comprising: 

a shift register (100) having an input terminal 
for receiving a shifted-in test data in signal, a 
plurality of serially connected registers, and a 
plurality of output terminals for providing an 
address signal; 

a decoder circuit (101) coupled to the shift reg- 
ister (100), for receiving the address signal, 
and in response, providing a decoded address 
signal: 

wherein the fuse circuit (1 05) is an addressable 
fuse circuit for providing the redundancy infor- 
mation in response to the decoded acWress 
signal; and 

wherein the latch circuit (111) is for receiving in 
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parallel and serially shifting the redundancy 
information from the addressable fuse circuit, 
and for providing the shifted redundancy infor- 
mation in response to the integrated circuit 
memory (1 40) being in the test mode. 5 
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